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INTRODUCTION 
The oil shale retorting process will produce large vol-
umes of spent shale and some raw oil shale that cannot he 
used in the retorting proce.ss. Consequently, it is antici-
pated that on-site disposal embankments will be constructed 
using these materials A report by Drnevich, et al. (1) has 
recommended that site-specific compactton studies be done at 
the start up of a mining and disposal operation. Holtz 12) 
has reported on a detailed study of the compaction charac-
teristics of a western oil shale that had been retorted hy 
the Paraho vertical retort process. 
This study was performed to develop background data on 
compaction characteristics of retorted material when mixed 
with a small percentage o~ raw shale that is generated as a 
result of the crushing process. The test site was located in 
Montgomery County, Kentucky, and the shales that were used 
were the Sunbury and Cleveland oil shales obtained in the 
same county. 
Figure 1 shows the approximate dimensions of the test 
pad and the locations where most of the field testing was 
done. 
METHODOLOGY 
A pit measuring roughly 100 feet by 15 feet was exca-
vated to a sandstone cap, approximately 2 feet below the 
surface. A shale pad was placed in three layers, with each 
layer approximately foot thick prior to compaction. 
Material ·for the pad was obtained by mixing retorted shale 
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with 12 percent unprocessed shale (by weight). This unpro-
cessed shale was a waste product of the crushl.ng operation. 
The shale, before processing, was a mix of one part Sunbury 
and three parts Cleveland shales. Mixing was accomplished 
by first spreading the retorted shale. The raw shale was 
then placed i.n a thin layer over the retorted shale and the 
mixture was stirred with the loader bucket. The test area of 
each layer received an average of 80 passes of the loader 
during placment. 
The first and second layers were compacted using a 
vibratory roller. After the first layer was in place. the 
roller made one pass on each side of the pad (see Figure 1) 
before any testing was done. A total of eight passes was 
made on each side with density tests performed and samples 
collected between passes. The same procedure was used for 
the second layer, with a total of seven passes per side. 
On the third layer, only the tracked loader was used for 
compaction, with a single series of tests performed in the 
area over which the track passed. Tests were run and samples 
collected after placement of the layer and at intervals of 
2, 4, 6, 8,anrl 12 passes of the loader during compaction. 
Care was taken to be sure the testing and sampling was don8 
precisely in the area compacted by the track of the loader. 
Equipment used for compaction and placement was a 
DYNAPAC CA-15 vibratory roller and a CATIPILLER 943 tracked 
loader. The roller was self propelled and produced 22,000 
pounds of centrifugal force at 1,750 vibrations per minute. 
2 
The loader. which 1~as used for placAment on all three layers 
and for compact·Lon on layer three, has an operating weight 
Of 24,707 pounds and a ground contact area of 2,402 square 
inches. 
FIELD TESTS 
Initially, in-place density tests consisted of the sand 
cone method, rubber balloon method, and nuclear method. Due 
to the granular nature and large particle sizes of the 
material being used, the balloon method proved unsuitable 
and was omitted. To avoid end effects and vehicle speed 
variations, no tests were performed within 2S ~eet of either 
end of the pad. The number and location of tests are listed 
in Table 1 . 
The nuclear method gave inconsistent density results 
(Figure 2). ·rhat was probably due to hydrocarbons in the 
shale. However, the method was used throughout the study in 
an effort to determine the reliability of the nuclear gage 
when used with this material. Moisture content data obtained 
by the nuclear method yielded a poor correlation, when com-
pared with the moisture content of samples collected in the 
field by conventional means (see Figure 3). In general, 
there was more scatter in the nuclear gage data. and the 
moisture content was generally higher than when measured by 
use of the sand cone. 
The sand cone method proved more useful and was used 
throughout as the primary check for density. Test results 
(Figure 4) indicated an optimum of five passes with the 
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vibratory roller or six passes with the tracked loader. 
Field densities. after five passes of the vibratory roller, 
on Lifts 1 and 2, were 98.0 and 99.9 percent, respectively, 
of maximum dry density of laboratory compacted specimens. 
The tracked loader (after six passes) provided a field den-
sity of 94.6 percent of the maximum laboratory dry density. 
The density after each pass, expressed as a nercentage of 
maximum laboratory dry density. is listed in Table 2. It 
should be noted that the density is not as consistent on the 
third (top) lift as on the first two lifts. This was proba-
bly due to disturbance of the top few inches of material by 
the treads on the tracked loader. 
In an effort to determine the degree of compaction in 
relation to depth, sand cone density tests were performed at 
depths of 5 inches and 8 inches on the second lift. Results 
of thoese tests indicated a reduction in density as depth 
increased. Dry densities (pounds per cubic foot) of 103.2 at 
the surface, 99-5 at a depth of five inches, and 97-1 at a 
depth of 8 inchps were recorded. Although not shown, those 
results were supported by data obtained with the nuclear 
gage. At 8 inches, the compacted density was only 93 percent 
of the maximum laboratory dry density. Drnevich. et al (1) 
indicated the possibility of placing this material in 20- to 
23-,inch lifts and compacting with a heavy tracked crawler. 
However, results of these tests indicated that thi.s recom-, 
mendation may be somewhat optimistic and that it may be nec-
essary to maintain uncompacted layer thickness somewhere 
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between 12 and 20 inches, even with heavier compaction 
equipment than ;ras used in this study. This difference in 
layer thickness supported the recommendation of Drnevich, et 
al. for site specific compaction testing. 
LABORATORY TESTS 
Samples were collected from each layer of the pad for a 
series of laboratory tests consisting of moisture content 
measurements, moisture-density relationships, particle-size 
analysis, and slake-durability. Test results W8re compared 
to material reported by Robl and Koppenaal (3) and identi-
fied as "Retorted Blend''· 
Moisture content data of samples returnen to the labora-
tory ranged from 3.2 percent to 11.6 percent, with an aver-
age of 4.5 percent, as comparen to a range of 2.6 percent to 
8.1 percent and an average of 5-7 percent obtained by use of 
the nuclear gage (Figure 3). 
A particle-size analysis of the material, using method 
ASTM D 422-63 (4), indicated a significantly higher percent-
age of fines, in either layer, than was present in the 
retorted blend previously investigated by Robl and Koppenaal 
(3). The particle-size distributions shown in Figures 5. 6, 
and 7 indicated a higher percentage of fines in Lift 2. 
This was reflected in a higher density as seen in Figures 2 
and 4. 
The moisture-density relationship oi' the material was 
determined in accordance with procedures outlined in ASTM D 
698, method C (4). Materials from all three layers were 
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combined to obtain a sample for testing The optimum r1 ry 
density of 104 7 pounds per cubic f'oot (Figure 8) was sig-
nificantly highc'r than thP 86.4 pounds ner cubic f'oot "or 
the retorted blend reported hy Robl and Koppenaal (3) this 
was probably due to the high percentagP of f'inPs Optimum 
moistures of' the two materials were nearly idPnttcal at 11 3 
percent and 11 6 nercPnt. 
To evaluate weathering characteristics of the material 
slake durability t8sts were performed Two types of tests 
were used one being KM 64-513-79 published in "Kemtucky 
Methods for Materials Testing and Control" (5) In that 
method the sample is oven dried prior to testing ancl is 
cycled twice (10--minute cycles) with oven drying between 
cycles. The second method was proposed by Hopkins ancl Gil-
pin (6) That method utilizes air dried material with one 
cycle (60 minutes) and tends +.o produce lower indices than 
KM 64-513-79 
Each slake-durability sample contained apTJroximately 30 
particles \•ri th 8ach particlP averaging about 17 grams in 
weight. Two tests of each type were performed with ind i cPs 
of 98 9 for both tests performed by the KM 64 -513--79 (5) 
method and indices of 97.0 and 97 3 by the other Those val-
ues compare well with an inclex of 99 4 reported by Robl and 
Koppenaal (3) and indicate a competent material. 
CONCLUSIONS 
The mixture of retorted and raw on shale. when com-
pacted in 1-foot lifts. reached a high relative density with 
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a relatively low compactive effort. However, checks made at 
various depths in a lift indicated a drop in density toward 
the bottom of the lift, making lifts of compacted depths 
greater than one foot questionable, particularly when using 
lightweight compaction equipment. The addition of water 
does not appear to be necessary for good compaction but 
should probably be used to minimize dust pollution. 
Compaction with the vibratory roller attained the best 
results with 98 percent of maximum laboratory dry density on 
Lift and 100 percent on Lift 2 at an optimum of five 
passes on both lifts. However, the tracked loader provided 
good results (95 percent maxi.mum laboratory dry density with 
an optimum of six passes) and may be more practical +'or 
placement of large quantities Indices obtained by the 
slake-durability tests of 97 percent by the Hopkins and Gil-
pin method and 98 percent by the KM-64-513-79 method indi-
cated a material of high weathering resistance. 
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TABLE 1. Number of Field Density Tests Perf'ormPd 
-------·--
____ , ___ 
-~- -- - --r-- ------- -- r----- -----~ 
I I I I I 
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--------------
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I I I I I 
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I I 3 1 2 6 I 6 I I I I I I I I 
I I I I 
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TABLE 2. Percent of Maximum Laboratory Dry 
Density as a Function of Number of Passes 
for Field Tests 
I ~~- -~-- - ~--~- - --~-- ~- ~ ~- - ---- - -- ~ ~ ~~- -- ~ --1 
II II I PERC11NT OF MAXIMUM LABORATORY DRY IJI\WliTY 1 
I : I ~ -- -~--~~~- - ------- -------------------·- - -- ----- ----- I 
! NUMBER OF LIFT 1 LIFT 2 H~'r 3 l 
: PASSES * I I I : 
1 I , 1 I I 
,------------,----------,----------,-----------
: 0 : ----- : ------ II 90.6 ! 
I 1 I I 1 
I I I I ' 
1 1 86 5 1 92.o i -----
, I I I 
1
1 
2 : 86 o : n 2 : I I I 88.2 
I I I I 
1 3 i 91 7 i 92 9 i 
I I I 
1 4 94 2 i 97 3 i 90 2 
I I I 
: 5 98.0 : 99 9 : 
I · 1 1 I I I I 
I 6 96 2 I 94-1 I I I I 94 6 I I I 
1 1 94.5 1 98 6 i 
I I I l 8 89.9 i i 92.4 
I I I 
II 1 2 \ ------ \ I I 87-4 
I----------------- -~----:_____ _________ 1 ________________ ! --------- .. ---
* NUMBER OF PASSES AFTER PLACEMENT AND MIXING 
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